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INTRODUCTION
Wastewater treatment plants (WWTP) generate huge amounts of sewage sludges which are currently managed through agricultural application, incineration or landfilling. In this context, different methods of thermal valorisation, such as pyrolysis or gasification, are being investigated in the last two decades. 1 As an alternative to these methods, hydrothermal carbonisation (HTC), a relatively new process for biomass carbonisation, usually performed at 180-375 ºC under auto-generated pressures, 2 has been gaining attention, because energy-intensive predrying is not necessary. 3 Moreover, the hydrochar (HTC char) has a higher heating value compared to the biochar produced from slow-pyrolysis or conventional carbonisation at the same temperature. 4 Hydrochar has several industrial and environmental applications such as soil remediation, solid fuel and CO 2 sequestration. 5, 6 The char obtained via HTC is a slurry that needs to be separated through filtration. Most of the studies of HTC have been focused on the optimisation of the reaction conditions to obtain solid fuels. 3, 7 Depending on the process conditions, the HTC liquor can contain up to 15-20% of the initial carbon, mainly in the Accepted Article from HTC, needs to be conveniently managed before final discharge and moreover its high organic load offers potential interest for the sake of valorisation. Different solutions have been proposed, including the use as feedstock for chemical production 19 recycling in consecutive HTC runs to improve the carbon yield or biological stabilisation. 9, 20 Chemical and biological treatments have been evaluated for the liquid fraction from HTC of sewage sludge. Wet air oxidation allowed reducing total organic carbon (TOC) up to 60%. 21 Ramke et al. 22 reported COD reduction over 85% upon aerobic degradation. Anaerobic digestion of that liquid fraction has been suggested as a potential route to optimise energy recovery. 23, 24 However, the potential to produce methane from the liquid fraction of HTC has been scarcely studied and the existing information deals mainly with lignocellulosic residues. 13 26 ). Before sealing the vials with rubber stoppers and metallic crimps, the suspensions were flushed with N 2 for 3 min. The vials were placed in a static incubator at mesophilic temperature (35±1 ºC) and were daily mixed. Table 1 describes the experimental conditions used in these batch anaerobic digestion experiments. As indicated before, two IC values (10 and 25 g COD/L) and four different ISRs (0.4, 0.5, 1 and 2, on a COD basis) were tested. The experimental period was extended until the methane production was undetectable or less than 5% of the total produced (on the last day).
For every inoculum concentration three blank runs (for subtracting the methane production due to biomass decay and the possible presence of residual substrate in the (Table 1) , 9 batch reactors were ran. Six of them were sacrificed and removed every one or two days initially and then weekly in order to study the timecourse of the anaerobic digestion process. The other three reactors were used only for biogas analysis (volume and composition).
Analytical methods
The inoculum was characterised by measuring the pH (using a model Crison 20 Basic pH-meter), TS and VS, according to the standard methods 2540B and 2540E, respectively. 27 The CODt was determined by the method proposed by Raposo et al. 28 .
TKN was determined acidifying 1000 mg of sample with 15 mL of concentrated Library.
Biogas and methane production were measured once every day during the first 3 days and eight more times for the rest of the incubation period. Biogas production was determined by manometric method (Rozzi and Remigi, 2004) , measuring the pressure increase in each vial by an electronic pressure monitor (ifm, PN 7097). It was expressed at standard temperature and pressure (STP: 273K, 1bar) conditions. Biogas was subsequently exhausted to re-establish atmospheric pressure. Methane production was calculated by subtracting the amount of methane produced in the blank controls from the methane production of each batch reactor. The gas composition (H 2 , CO 2 and CH 4 )
was determined by gas chromatography using a Bruker 450-GC (Goes, The
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Netherlands) coupled with a thermal conductivity detector (TCD) for H 2 and CO 2 and a flame ionisation detector (FID) for CH 4 . 
RESULTS AND DISCUSSION

Anaerobic digestion process
The initial and final values of pH, total alkalinity and IA/TA ratio from the anaerobic digestion experiments are collected in Table 2 . The initial pH was higher than 7 for samples with an ISR ≥ 1, but lower for the rest, even lower than 6 for samples 2.5-0.5 and 2.5-0.4. The pH of the HTC liquid fraction was acidic (5.1±0.1), in agreement with the observed by other authors. 22, 25 In all the cases the pH increased during the anaerobic process. It has been stated that values lower than 6.5 can provoke methanogenic inhibition. 33 The initial total alkalinity for the tests developed at 10 g COD/L of IC value, ranged between 1 and 2 g CaCO 3 /L, being significantly higher for the runs at higher concentration (25 g COD/L). The final alkalinity values increased around twofold in all cases, from 2.2 (run 1-2) to 9.50 (run 2.5-0.4) g CaCO 3 /L. Alkalinity values above 2.5 g CaCO 3 /L provide a buffering capacity, so that even a large increase of VFA reduces only minimally the pH. 34 Looking at those values it would seem that the anaerobic process performed stably and well buffered. However, except for the samples 1-2, 1-1 and 2.5-2, the starting intermediate to total alkalinity ratio was higher than 0.3, which is not recommended for a good stability of the anaerobic process. (Table 3 ). Phenols and other oxygenated aromatics compounds were partially removed. Whereas, most pyrazines and aromatic amines (pyrazine, 2-ethyl-5-methyl-; 2,3-diethylpyrazine; pyrazine, 2,5-dimethyl-3-propyl-;
benzenamine, 3-methoxy-; 4,5-dimethyl-ortho-phenylenediamine) were refractory.
Some compounds (1H-indole, 7-methyl-) not found in the initial substrate were detected in the final samples after anaerobic digestion, which may correspond to refractory intermediates. The presence of refractory species, may affect to the methane yield by limiting the efficiency of the biological process. 42, 43 The presence of enough microorganisms may restrain the inhibitory effect of such species, thus explaining the higher methane production at the highest ISR. The results of the three experiments giving significant methane yields (1-2, 1-1 and 2.5-2), were fitted to a first-order rate equation which is a simple and useful model that has been frequently applied to anaerobic digestion systems. 42, 43, 44 The basic equation is:
Methane potential yield
where G represents the cumulative methane yield at a time t, G m is the ultimate methane yield of the substrate analysed and k the specific rate or apparent kinetic constant. The ultimate methane yield corresponds to the final value when no more gas is released from the reactor. This equation has been frequently applied to anaerobic digestion. 46 Samples of ISR ≤ 0.5 showed almost complete inhibition and therefore were not considered.
Origin software (version 8.0) was used to fit the experimental data to equation (1) . Table 4 collects the values obtained for k and Gm (95% confidence), as well as the corresponding determination coefficient (R 2 ). This simple kinetic approach allows a good prediction of the experimental results, as can be seen in Figure 4 . The values of the apparent kinetic constants are related to the concentration of the inoculum. The
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